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Introducction
The development of new materials has taken great care in the use of renewable raw materials [1] . European and U.S. industry automotive manufacturing has created regulations requiring the gradual increase of components made from polymeric composites reinforced with natural fibers [2] .
Countries like Ecuador whose economic balance is negative have the opportunity to take advantage of the biodiversity they possess of natural reinforcing to generate high mechanical properties and become exporters of value-added benefit of their economies [3] .
Composites with polymeric matrix provide a simple way of processing, high productivity, moderate mechanical properties, ability for recycling, a low density, and other benefits [4] . The use of natural reinforcing relies on its low density, thermal and acoustic insulation, good mechanical strength, low cost, high availability and high specific properties [4] [5] .
The most important benefit of these composites is ecological; they are friendly to the environment in its composition and in its production [6] . These natural reinforcements are being used as substitute for the glass fibers and asbestos [7] .
In Ecuador, in the last six years, research and experimental developments of polymeric composites reinforced with natural fibers and agro-industrial wastes have been increased [1] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
In this paper we will review the results of research accomplished in Ecuador around polymeric composites reinforced with natural fibers and will outline the opportunities for the study for future research.
Nomenclature
The nomenclature for the different properties analyzed and the matrix used are presented in the Table 1 . 
Potential natural fibers for polymeric composites
Natural fibers have acquired great importance in recent years for reinforcing polymeric composites with the aim of reducing the dependence of synthetic [17] fibers and glass fibers [18] .
The main attraction of these fibers is that they are renewable and most of them are derived from agroindustrial waste in which the cellulose content is important [1] [4] [8] [9] . Other advantages of natural fibers as reinforcement in composites, are their biodegradation properties, low density, non-abrasiveness, high specific modulus and strength, ability to adapt to mass production processes and they do not release toxic agents when they are processed [19] .
Lignocellulosic vegetable fibers are obtained from different parts of the plant, the most resistant are those present in the bark, stems and stover [20] .
Fiber extraction methods are diverse and involve mechanical, physical and chemical methods combined, currently are intensively studied in order to avoid the loss of mechanical properties and that can be processed in a quick and economical way [2] 
Ecuador, there is a potential field of natural fiber production because of its biological wealth that has positioned it within the richest countries of biodiversity in the world. It is home to 10% of all plants species on the planet [22] and until now it has exploited just 0.1% in the production of fibers [20] . Therefore it provides high availability and variety of plant fibers for use as reinforcing material in composites.
Currently, Ecuador, takes advantage of handicrafts, about 25 species of plants for the production of fibers, among the most common are: hemp, reed, abaca, kapok, palms, straw shawl, cotton, silk, bamboo, achiote and guadua [23] . These account for 2.5% of Ecuadorian production [24] . Other elements rich in fiber that have not been sufficiently exploited are agro waste from banana, sugar cane bagasse, rice husk and coconut shell [1] [8] [25] . These waste products have the advantage of being raw materials for their high availability and very low cost [26] .
The main difference between the various plant fibers is related to the amount, distribution and orientation of cellulose microfibial [20] .
Cellulose is the major constituent of plant elements and gives resistance to plant cell walls [26] . Therefore, it is essential the selection of natural fibers that contain a high percentage of cellulose in their chemical composition, with values between 40% and 95%. content of cellulose fibers makes them have a potential use as reinforcements.
The most important quality criteria for application as a reinforcement of composites is the tensile of strength of the fibers [20] . Table summarizes the physical and mechanical properties of various natural fibers available in Ecuador.
It was not feasible to obtain a complete listing of all the properties of the fibers because each author makes particular tests of the fibers under different conditions and different test methods. It can be seen the wide diversity in resistances and modulus that these vegetables fibers present according to the age of the plant, the height of the crop, the extraction process and the part of plant used.
Polymeric matrix used for composites with natural fibers
The matrix is the composite body, gives it its shape, surface resistance, environmental stability, charge transfer and durability. Given these requirements, polymeric matrices have been widely accepted for forming composites and are able to provide advantages such as electrical insulation, low density, corrosion resistance, low production costs, wide variety of shapes, high rigidity, biodegradation and others [34] .
Currently, there are various polymeric matrixes available for composite materials based on natural fibers, selection depends primarily on the temperature of use of the compound and desired processing facilities [4] . Thermoplastic matrices have linear or branched molecular chains, possess strong intermolecular bonds and weak bonds between chains. They have low melting temperatures which make them easily formable. They are usually recyclable.
The thermostable matrix present covalent links and crosslinked chains. These do not melt when heat is applied; they decompose. They can be used at moderate temperatures. Most thermostable matrixes come as liquid formulations, which facilitates the dispersion of the fibers. These are not recyclable.
Elastomeric matrix have chains with few molecular crosslinking, therefore they are very elastic. Elastomers, which are used more as matrixes of composites are natural rubbers.
Biodegradable matrixes are new and have the advantage of being biodegradable. These can be used in massive consumption products but with a short life cycle. The composites formed with these matrix and reinforced with natural fiber composites are called green composites [34] .
Experiences in Ecuador for the development of composite materials reinforced with natural fibers include thermoplastic matrix [8] [12] . Predominates the use of thermoplastic matrix for easiness of processing and low energy consumption. Table 4 shows the polymeric matrix used in the Ecuadorian research and the status in which they were processed. 
Processing of polymeric composites reinforced with natural fibers
The experimental works done in the country, employ different combinations of natural fibers and polymeric matrix. The morphology of reinforcement includes short fiber, long fibers, continuous fibers and fabrics.
There is no report of works with nano fibers. Table 5 shows the fibers used in the Ecuadorian research and the fiber length used. No technical data are reported about the relationship between the fiber aspect, the lineal density of the thread or the surface density of the tissue in most jobs.
The procedures for obtaining the compound are: manual stratification [13] [15] and injection [9] .
The processing problems these material showed are associated with difficulties in interparticle adhesion [9] , coalescence in the extruder screw, viscosity increment of polymeric matrix [8] , low adhesion between fiber and matrix [14] [16], pore formation by moisture in the fibers, increased manufacturing time [15] , manufacturing problems with high fiber ratios v/v, lack of agglomeration of composites with short fiber [10] , wrong distribution of fibers in the thermoplastic matrix and the need of thicker product [11] .
Most of the problems occur because of the low compatibility between natural fibers with polymeric matrix because these are hydrophobic, while the natural fibers are hydrophilic. This creates poor adhesion and thus poor properties at the interface which causes low resistance in polymer composites reinforced with natural fibers [1] . 
Surface treatments for natural fibers
To improve the compatibility of natural fibers with polymer matrix, mercerization with caustic treatments have been performed. This treatment reduces the presence of hemicellulose, lignin and pectin [20] . Mercerizing causes loss of mass in the fiber and reduction of mechanical properties, as reported in the results of analyzed investigations in which it achieved greater compatibility between fiber and matrix, but significantly decreased tensile strength of the fibers [10] .
Otherwise to increase the surface energy of the fiber and improve the wettability and coupling with the polymeric matrix, maleic anhydride treatments have been researched [1] . Investigations realize greater benefits in fibers, which have previously been mercerized.
The chemical treatment can be performed to the fiber and to the polymeric matrix as well. It is preferred to modify the matrix to prevent property losses in the fibers.
It is reported worldwide that a wide variety of surface treatment are used to improve compatibility INGENIUS N.
• 9, Enero-Junio de 2013 between natural fibers and polymer matrices. It is recommended to use coupling agents such as silane, grafts of maleic anhydride and acrylic acid in polyethylene and polypropylene, Epolene C-18, Silane A-172 and A-174, zirconates, titanates, treatment with sodium hydroxide, with isocyanate and peroxides [4] .
Interface
The interface must ensure the transfer of external loads into the matrix and the fiber. If these objectives are not achieved, there will be a load and not reinforcement.
To improve the interface characteristics it is necessary to increase the surface area of the fibers by mechanical processes to give a surface roughness [15] . Otherwise it should improve the wettability of the pair fiber-matrix. It can be achieved by increasing the surface energy of the fiber by heat treatment or by plasma discharge, corona treatment and mercerization [16] . Another alternative is to reduce the surface energy of the matrix with chemical treatments of acetylation, zirconates and stearates which are required to reduce the surface energy of the aggregate [15] .
Mechanical properties of polymeric composites reinforced with natural fibers
The mechanical properties studied in the polymeric composites reinforced with natural fibers showed wide diversity. No all tests are available for each compound developed. The diversity of the results depends on factors such as the volumetric fraction of fibers, the morphology of the composite, the aspect ratio of the fibers, the quality of the interface, the load transfer mechanism and the surface treatment applied. The best results have been analyzed by type of matrix used. Table 6 summarizes the best results obtained in the different configurations of composites.
A -Thermostable matrix
In applications of reinforced polyester resin with abaca fiber by manual stratification have succeeded in increasing the 270% tensile stress, 124% elastic modulus, 82% of the flexural modulus and 428% average of impact effort with longitudinally oriented fibers [13] . The mechanical properties of polyester resin composites reinforced with cabuya fibers manually stratified have increased 159% the tensile strength with longitudinal reinforcement [16] .
Studies made in hybrid materials of polyester resin reinforced with glass fibers and by abaca manual layering reported increased tensile strength at 270%, 150% in the elastic modulus, 113% at the maximum bending stress , 122% in the flexural modulus and 603% in the impact resistance [14] .
Hybrid composite polyester resin reinforced with glass fibers and coconut by stratification increased 236% in the elastic modulus, 40% in maximum tensile stress, 103% in the flexural modulus, 50% in the resistance to bending and 361% in the impact energy [35] .
B -Thermoplastic matrix
Polypropylene hybrid composites reinforced with glass fibers and abaca by compression molding reported an increase of 500% in tensile strength and 900% in the elastic modulus [15] .
Reinforced polypropylene with abaca fibers by compression molding report an increase of 337% in the elastic modulus for continuous unidirectional fiber and 176% increase in tensile stress to maximum continuous fiber [10] . Polyethylene composites reinforced with abaca fiber by compression molding show an increase of 500% in modulus unidirectional continuous fiber [11] . High density polyethylene with rice husk and bagasse reported 10% increase in impact properties.
C -Biodegradable Matrix
Polylactic acid composites reinforced with abaca fiber reported a 165% increase in tensile strength, 130% modulus in tensile strength, 50% in the maximum flexural strength, 100% in the modulus of elasticity in bending, impact resistance of 200% in unnotched specimen and 1000% in notched specimen [12] .
Future challenges
Researches done in Ecuador have shown the structural capacity that polymeric composites reinforced with natural fibers have. However much work remains to be done to improve the performance and turn them into raw material with high added value.
Aspects such as the chemical, physical and mechanical characterization must be approached and improved. It is necessary to standardize the tests for natural fibers and reinforced composites with these fibers. It requires find the optimal alternative surface treatment to ensure the coupling to the matrix without reduce the strength of the fibers. At an advanced stage is necessary to work in order to establish mathematical models of the mechanical behavior of the composites to ensure the performance of the products made from these materials. 
